Background: The Pediatric Evaluation of Disability Inventory (PEDI) has been recommended
can be questioned (Schulze, Page, Kottorp, & Lilja, 2013) . Typically developing children in Norwegian, Slovenian, Turkish, and Saudi studies have reported significantly different normative values than the original American values (Al-Khudair & Al-Eisa, 2014; Berg, Frooslie, & Hussain, 2003; Erkin, Elhan, Aybay, Sirzai, & Ozel, 2007; Srsen, Vidmar, & Zupan, 2005) . The living context of a child, for example, in Uganda, contrasts markedly from a child growing up in North America.
Many children live in rural areas with no access to transportation and hygiene facilities. Consequently, instruments developed in highincome countries may have inappropriate or unfamiliar terms, irrelevant items, or reference values that subsequently lead to unreliable results. There is thus a need to adapt and validate instruments prior to using them in new settings, even when transferred between various high-income countries. In a German version, several adaptations of the items were made and new items added (Schulze et al., 2013; Schulze et al., 2014) , and in Norway, the norms for achieving age-related activities differed from the original PEDI norms (Berg et al., 2016) .
In a separate report, we have described the development of a Ugandan version of PEDI (PEDI-UG) by culturally adapting the original version for children living in Uganda. This was accomplished through a series of steps using successive technical advisory group meetings and field testing (Beaton, Bombardier, Guillemin, & Ferraz, 2000; Wild et al., 2005; World Health Organization, 2015) . The processes composed of translation to Luganda, alteration in the wording, incorporation of local examples, insertion of seven new items and deletion of 19 irrelevant items, and accommodation for major differences in living conditions between rural and urban areas in Uganda (type of toilet or bed) by providing 10 alternative items. The adapted version was subsequently tested in the field, together with feedback from in-depth interviews with primary caregivers validating the test content (linguistic and cultural validity) to make sure that the items were understandable and relevant for the caregivers (Kakooza-Mwesige, Tumwine, Forssberg, & Eliasson, 2018) . However, in order to ensure that PEDI-UG is a reliable and valid measurement of what Ugandan children actually do in everyday routine activities, psychometric analysis is required on response processes and internal structure, as well as on the stability of the measure over time (Miller, Mcintire, & Lovler, 2013, pp. 157-189) . The aim of this study is, therefore, to investigate the psychometric properties of the PEDI-UG by testing the instrument's rating scale functioning, internal structure, and test-retest reliability.
| METHODS
This was an observational cross-sectional study, conducted in 11 districts from all regions of the Republic of Uganda. English is the official language of the country, and Luganda is the most widely spoken local language.
| Participants
Two hundred forty-nine typically developing children between 6 months and 7.5 years were included in this study. Inclusion criteria were no signs of a disability as assessed by the Ten Question Screen (Durkin, Zaman, Thorburn, Hasan, & Davidson, 1991) , no signs of malnutrition, and the presence of a primary caregiver able to provide the history of the child. Sixty-one percent of the caregivers were mothers; there were also fathers (23.3%), grandparents (11.2%), other caregivers responding (2.4%), and missing data (2.0%). Children were selected from different socio-economic categories, from both urban and rural areas. A majority of the respondents answered the English version of PEDI-UG (65%), with a higher proportion from the urban areas (89%) than from the rural areas (43%). Each 6-month age interval included a minimum of 10 children, with equal representation of boys and girls and children from both urban and rural areas (Table 1) . Prior to testing, the caregivers received both verbal and written information and gave written or thumb prints consent. Ethical approval was obtained from the Makerere University Research and Ethics Committee, Mulago National Referral Hospital, and the Uganda National Council of Science and Technology (Reference HS 628).
| Data collection procedure
One author (A. K.-M.) collected the data together with a team of 11 trained research assistants. Each research assistant interviewed a minimum of 22 caregivers within the home environment and in the caregiver's language of preference. To assess test-retest reliability, 49 caregivers answered PEDI-UG twice, the second time 1 week after the first interview. The same assistant interviewed the same caregiver in both interviews. Each interview took between 30 and 45 min.
Key messages
• This study demonstrated that the Ugandan version of the Pediatric Evaluation of Disability Inventory is a valid and reliable instrument for assessment of ability and performance of typically developing children in Uganda.
• In low-and middle-income countries where there is a shortage of assessment instruments to measure functional performance in children, the Ugandan version of the Pediatric Evaluation of Disability Inventory could potentially be used to fill this gap. Table 2b ).
The alternative questions were answered depending on the type of toilet (pit latrine or flushing toilet) or bed (floor bed or actual bed) the child used.
| Statistical analysis
We used Rasch analysis to investigate the validity of PEDI-UG (Bond & Fox, 2001 ). The dichotomous model was used for the Functional Skills scales as these items were rated by a two-category rating scale, and the rating scale model was used for the Caregiver Assistance scales, because these items were rated by a six-category rating scale (Wright & Mok, 2004) . Each domain was analysed separately, resulting in six Rasch analyses using the Rasch program WINSTEPS 3.81 (Linacre, 2014b) .
The validity of evidence for PEDI-UG was investigated based on six aspects:
1. Item and person fit: The data were considered to usefully fit the Rasch model if at least 95% of the items and persons had an infit mean square within 0.5-1.5 (Linacre, 2002; Linacre, 2003; Wright & Linacre, 1994) 2. Unidimensionality by using principal component analysis of residuals and point-biserial correlation. It is desirable that measures explain >60% of variance, that the first contrast explains <5% of variance, and that the eigenvalue of the first contrast is <2.0 (Fisher, 2007; Linacre, 2014a) . A positive point-biserial correlation indicates that items contribute positively to the total raw score (Haley, Coster, Ludlow, Haltiwanger, & Andrellos, 1992; Schumacker, 2004) 3. Reliability and separation of persons and items where the reliability index should be ≥0.80 and separation be ≥2 (Fisher, 2007; Schumacker, 2004) 4. Targeting between each domain and the respondents by investigating the distance between item and person means, and ceiling and floor effects where it is desirable that the proportion of respondents who get the maximum or minimum measure is ≤2% (Fisher, 2007; Linacre, 2014c) 5. Rating scale functioning (for the Caregiver Assistance scales). It is desirable that each rating scale category includes ≥10 observations and has an outfit mean square <2.0 and that average measures and step difficulties increase monotonically (Linacre, 2004) 6. Analysis of differential item functioning (DIF) was used to investigate the stability of item difficulty between living areas (urban vs.
rural). To be considered a statistically significant DIF, the difference in item measure between the two groups should exceed 1.0 logit with probability <0.05 (Linacre, 2014c) . It is desirable that the proportion of items demonstrating DIF should be less than 5%.
The alternative items, for example, pit latrine or flushing toilet (Table 2b) , were analysed as independent items under the same domain.
Calculation of test-retest reliability was performed in two steps.
First, estimates of item measures and rating scale structures from the first response occasion were used as anchors for the estimation of person measures on the second response occasion. Hence, both estimations of children's ability were based on the same references. Next, intraclass correlation coefficient (ICC) was calculated based on a twoway mixed model with absolute agreement. An ICC value >0.75 was considered excellent, 0.60-0.75 good, 0.40-0.59 moderate, and <0.40
poor (Fleiss, Levin, & Cho, 2003, pp. 598-626) . SPSS was used for the analyses.
3 | RESULTS
| Functional Skills scales
The first analysis showed that the number of misfit items exceeded the recommendation in two domains accounting for 7% in the Self-care domain and 13% in the Mobility domain but was acceptable with 3%
in the Social function domain. Based on these results and guided by clinical relevance, the three least relevant misfit items were deleted from the Self-care domain and from the Mobility domain in order to reduce the misfit percentage to the recommended value (i.e., ≤ 5%; Table 3a ). Subsequent analyses were run without these six misfit items.
The final analyses for the Functional Skills scales indicated three misfit items (4%) in the Self-care domain, four misfit items (7%) in the Mobility domain, and two misfit items (3%) in the Social function domain.
These were all retained (Table 3b ). Person misfits were 7% in the Self-care domain, 9% in the Mobility domain, and 9% in the Social function domain. The point-biserial correlation values were positive for all items including the misfits, indicating that they all contribute positively to the domain raw sum score. For the Self-care and Social function domains, the variance explained by the first dimension was above the recommended value; in the Mobility domain, measures explained less than 60% of the variance (Table 4) . In all domains, the first contrast had an eigenvalue above 2 but it explained less than 5% of the variance, thus supporting unidimensionality. All domains fulfilled the criteria for person and item reliability. There was more than 1 logit distance between item and person mean measures in all domains, a ceiling effect in the Mobility domain, and a floor effect in the Social function domain, indicating that the sample ability was mistargeted to the item difficulty (Table 4) . Between 20% and 29% of the items in the domains of the Functional Skills scales demonstrated DIF (Table 4) for rural versus urban areas; for details, see Table S1 . Analysis of test-retest reliability for the Functional Skills scales yielded excellent ICC values, ranging between 0.87 and 0.92 (Table 4) .
| Caregiver Assistance scales
The rating scales were analysed before the internal structure of the Caregiver Assistance scales was studied. In all domains, the rating scales fulfilled three of the criteria, namely, there were ≥10 observations per category, average measures increased monotonically across categories, and the outfit mean square was <2 for each category (Table 5a ). However, in all domains, the rating scale category steps were located too close to each other, and in the Mobility domain, the order of the step difficulties was reversed (Table 5a , Figure 1a ). Combining Category 2 with 3 and Category 4 with 5 improved the rating scale functioning for all three domains (Table 5b, Figure 1b ). Further analyses of the Caregiver Assistance scales were thus performed based on the four-category rating scale (Figure 2 ).
Ninety-five percent of the items had acceptable fit in the final Rasch model; one item in the Self-care domain was misfit, and one item in the Mobility domain was overfit to the model (Table 3) . The latter item, Tub transfer, was the only item with a nonpositive point-biserial correlation and was answered by only one out of 249 respondents.
This item was judged to be irrelevant for the target population and was removed from further analyses, resulting in 19 items for these scales. Person misfits were 10% in the Self-care domain, 13% in the Mobility domain, and 13% in the Social function domain. In all three domains, the first contrast either explained less than 5% of the variance or had an eigenvalue less than 2 ( Step Rating scale for Caregiver Assistance scales of the Ugandan version of Pediatric Evaluation of Disability Inventory: (a) original sixcategory rating scale and (b) new four-category rating scale where 0 = total assistance (child is totally dependent on caregiver, or the activity is not applicable), 1 = maximal assistance (caregiver does more than half of effort of the activity; child provides some meaningful assistance), 2 = minimal assistance (child contributes more than half of the effort of the activity; caregiver provides some meaningful assistance), and 3 = independent (child performs activity independently or with very limited assistance, e.g., some verbal instruction, from caregiver) not unfamiliar and has been employed in other settings (Bangirana et al., 2009; Schulze et al., 2017) . Likewise, it is expected that children's ability varies in different cultural contexts; for example, in Saudi Arabia, the general performance in children is lower than in American children, which is explained by differences in mother role and frequent presence of nannies (Al-Khudair & Al-Eisa, 2014 ).
The original PEDI Caregiver Assistance scales have a six-category rating scale. As has been discussed in other research from Eastern Africa (Masquillier, Wouters, Loos, & Nostlinger, 2012) , the understanding and use of a grading system may vary depending on the meaning of specific terms used to define the grades in the scale. In the earlier translation process, some of the caregivers found it hard to discriminate between the six categories in PEDI-UG; the caregivers like a clear difference between the choices and are not used to fine grading systems (Kakooza-Mwesige et al., 2018) . This is confirmed by the results in this study. Therefore, we combined the six categories into a new four-category rating scale, which turned out to be more discriminative for the caregivers. Thus, we recommend the four-category rating scale for future use in PEDI-UG. By applying this four-category rating scale, the Self-care, Social function, and
Mobility domains seem to function well. Still, some points need to be discussed, such as the somewhat weak person reliability for the Mobility domain of the Caregiver Assistance scales. This could have been caused by a low number of items (six items only) and a high number of children who received the top total score, making it more difficult to separate children of different abilities. This situation might change if a more varied population is investigated, including children with disability as part of the general population (Haley et al., 1992) .
This explanation is supported by the fact that reliability and separation improved above the cut-off when children with extreme scores were excluded from the calculation. Furthermore, there was a large ceiling effect in all Caregiver Assistance scales of PEDI-UG. In the normative profile of the original PEDI Caregiver Assistance scales (Haley et al., 1992) , it is clearly shown that the majority of children with typical development achieve independence in most items before 5 years of age. Hence, further investigation of the PEDI-UG in a varied population may demonstrate a sample more targeted to the item difficulty.
| Limitations
We used two language versions for data collection, and the items may have been interpreted differently in these versions. In addition, there are many local languages in Uganda and it might be possible that neither English nor Luganda was the native language for some care-
givers. This is a potential limitation, but considering the administration procedure where the respondents were able to ask and get further explanation of the items, we believe that the responses are valid.
Therefore, a DIF analysis of the two language versions needs to be performed in a larger and more evenly distributed sample where the native language is used; more than 100 participants for each group are recommended (Fidalgo, Ferreres, & Muñiz, 2004 questions and responses differently. However, the interviewers were trained and each contributed with a large number of data, which may limit the potential rater bias in this study. Lastly, no children with functional limitations were included in the study, which may explain some of the mistargeting of the sample.
| CONCLUSIONS
The publication. Wright, B., & Mok, M. (2004) . An overview of the family of Rasch measurement models. In E. Smith, & R. Smith (Eds.), Introduction to Rasch measurement. Maple Grove, Minnesota, USA: JAM Press.
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